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PROGRESS  REPORT  OR  THE  STUDY  CF 
THE  BPFKT  OF  UDZZUI-BRAKE  DESIGN  ON  THE  RECOIL  CF  GUNS,  I 

Abstract 

A  caliber  *50  baUistlo  pendulum  for  measuring  the  effldenoy 
of  various  muzzle*4rake  designs  Is  described* 

The  effect  of  (i)  baffle  spacing,  (ii)  nozzle  an^e,  (ill)  dif¬ 
fuser-cons  angle  and  (iv)  outlet  (reversal)  an^e  has  been  deter- 
ffllnsd*  The  results  shoir  that 

(i)  There  is  not  much  gain  in  efficiency  vhen  the  b^ffls  spac¬ 
ing  exceeds  a  1-in.  opening  (2  calibers). 

(ii)  A  nozzle  angle  of  30®  with  a  baffle  spacing  of  in.  is 
the  most  efficlente 

(lit)  A  diffuser  cone  is  not  necessary  to  obtain  greater  effi¬ 
ciency  in  brake  action* 

(iv)  A  flat  baffle  is  more  efficient  than  a  baffle  having  any 
degree  of  reversal  angle  up  to  60®* 

It  Object 

The  Object  of  this  program  is  tTrofold  —  (i)  to  arrive  at  an  explana¬ 
tion  of  all  of  the  factors  influencing  brake  design  and  efficiency,  and  (ii) 
to  establish  three  stan(3ardized  design  types  giving  three  ranges  of  effi¬ 
ciency,  so  that  for  any  given  iroapon  any  one  of  these  design  types  might  be 
applied  depending  upon  the  amount  of  **back  blast**  considered  tolerable  for 
that  particular  -weapon. 

The  present  report  describes  the  results  of  initial  experiments  to  de¬ 
termine  the  efficiency  of  several  muzzle-^rake  designs*  The  investigation 
is  still  in  progress  and  the  conclusions  are  subject  to  modification  in  the 
li^t  of  later  evidence. 

2.  Description  of  equipment 

A  ballistic  pendulum  that  uses  the  caliber  *50  erosion— testing  gun  de¬ 
veloped  for  erosion-testing  work  being  done  at  The  Franklin  Institute  i»s 
constructed  for  the  present  experinents.  The  pendulum  assembly,  idiich  is 
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Supported  from  a  rugged  ''A**  frame  ^  la  ahoim  In  Fig*  1 .  In  order  to  obtain 
the  minimum  frictional  resistance  id  thin  the  test  mounts  the  gun  is  suspend¬ 
ed  by  four  pendulum  arms  from  hardened  knife-edges  and  seats  carried  on 
rigid  truruiion  arms.  The  total  Height  of  the  pendulum  is  21 6. U  Ibj  of  idiich 
206.0  lb  is  the  Height  of  gun,  receiver  and  firing  mechanism,  and  6.U  lb  is 
the  Height  of  the  muzzle  brake. 

(a)  Gun.  —  This  consists  of  a  caliber  .50  erosion-testing  barrel  mount¬ 
ed  in  its  receiver.  The  muzzle  of  this  barrel,  nhich  protrudes  from  the  re¬ 
ceiver,  has  been  threaded  to  receive  the  muzzle-brake  attachment.  The  gun, 
constants  are:  volume  of  povder  chamber,  1.9145  in?;  travel  of  projectile, 

1*0.8  in.;  land  diameter,  0.1*90  in.;  groove  diameter,  0.510  in.;  groove  depth, 
0.010  in. 

(b)  Muzzle-brake  attachment.  —  The  brake  consists  of  a  nozzle  serened 
into  a  holder  carrying  a  baffle  -whose  relationship  to  the  nozzle  can  be 
varied  by  screidng  it  into  or  out  of  the  holder. 

(c)  Suspending  arms.  ~  The  pendulum  arms  -were  made  of  rigid  steel 
rods,  as  li^t  in  Height  as  possible,  and  are  suspended  from  hardened  knife- 
edges.  The  length  of  the  anas  between  knife-edges  is  3*25  ft. 

(d)  The  firing  mechanism.  ~  To  eliminate  any  effect  caused  by  the  pull 
of  the  lanyard,  a  solenoid  was  mounted  on  the  breech  mechanism  of  the  re¬ 
ceiver  and  all  firings  -were  done  electrically.' 

.  (e)  Scale  to  measure  an^d  through  which  pendulum  is  ro-bated.  —  The 

recoil  of  the  gun  -was  measured  by  means  of  a  circular  rack  carried  on  the 
lower  part  of  the  frame.  The  rack  is  di\rLded  into  eqisally  spaced  notches 
each  of  idiich  was  found  to  be  0.319^. 

A  floating  pawl,  attached  to  the  gun,  holds  the  gun  at  the  maximum 
position  of  recoil.  The  difference  between  the  position  of  the  pawl  before 
and  after  firing  multiplied  by  0.319®  gives  the  angle  through  idiich  the 
-pendulum  is  rotated* 

3.  Load  used  in  firings 

(a)  Composition  of  the  powder.  —  FNH,  Ml  (85-10-5)  powder  was  used 
throu^out  -the  test.  This  type  of  powder  was  chosen  since  it  was  found  to 
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PrtojceiilQ  ’'/elocity  fft/sfic) 

Fig.  2.  Relationship  anong  preosiiro,  aridYpqvAJGr  pharge 

for  E:c.  No.  U96U  ix>*nder  in  caliber  ^$0  erosibri-testing  "'  Curve  A  is 
for  velocity  versus  charge;  curve  D  is  for  pi'essure  versiis  charge* 


be  *0:117  slir^htiy- erosive -in caliber  .50  erosion-testing -gun-.  Therefore,  the 
bailisticspf  the  gun  vrauld  reinain  fairly  tuiiforriover  k  great  nunbeir  rf'  firings. 


Constituent  Percentage 


Nitrocellulose  (13.1556N)  82.62 

DlhitrotolTiene  and  dibutyl- 

phtbali^te  1U.66 

Diphenylandne  1  •  00 

Total  volatiles  0.86 

Moisture  -60 

Residual  solvent  .26 


^  composition  of.-FNH^lfl 
(85-10-5)  powder  Ex.  No,  a96U 
Is  given  In  the  adjacent  tabur 
latlon* 

(b)  Slae  of  charge.  — 

The  powder  charges  used  In  all 
the  expezdments  with  the  cor¬ 
responding  pressures  (copper) 
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and  projectile  valooltles  are 
given  In  the  adjacent  tabtila- 
tlon. 

The  relationships  among 
pressure,  velocity,  and  povr* 
der  charge  for  Bx.  No.  U96U 
ponder  In  the  caliber  .^0  ero- 
slon*-testlng  gun  are  plotted 
In  Fig.  2. 

(o)  Grain  dimensions.  —  The  dimensions  of  the  grains  used  nerei  length, 
0.0892  In.;  diameter  0.0620  In.;  diameter  of  perforation,  O.OI37  in**  vusBin 
neb,  O.O2UI  In. 

U.  Variables  of  experiment 

In  this  nork  a  muzzle  brake  nas  considered  to  consist  essentially  of  a 
nozzle,  an  expansion  chamber,  and  a.  baffle.  The  expansion  chamber  Is  the 
space  betneen  the'  nozzle  and  the  baffle.  The  nozzle  may  be  straight  or  ex¬ 
panding  In  any  degree  fomard..  The  baffle  may  be  of  such  type  as  to  take 
straight  ln^ot  of  the  gases  (such  as  a  flat  baffle)  or  It  may  Incorporate 
a  conical  noee  (diffuser  cone)  that  tends  to  scoop  and  deflect  the  gases 
oubnard  radially.  At  the  same  time  the  outer  part  of  the  baffle  may  be 
shaped  to  form  a  cyllndiical  reaction  blade  to  further  Increase  the  effi¬ 
ciency  of  the  brake. 

Initial  tests  In  the  ballisUc  pendulum  irere  eondix$ted  Ttlth  a  single 
flat  baffle  suspended  In  changeable  relation  to  the  gun.  Later  tests  Tiere 
performed  to  determine  the  effect  of 

(1)  Baffle  spacing,  that  is,  distance  betneen  nozzle  anl  flat 
plate  baffle. 

(il)  Varying  the  nozzle  angle  —  from  0®  to  60°. 

(ill)  Varying  the  diffuser-cone  an^o  ~  from  5°  to  15°. 

(iv)  Varying  the  outlet  (reversal)  plate  an^e  —  from  ^O®  to  0® 

(flat  plate). 
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Weight  of  Charge 

>  Copper 
Pressure 
(Ib/in?) 

Projeotlle 

Velocity 

(ft/sec; 

(grain) 

(lb)  • 

327 

O.OU7 

30000 

26U> 

368 

.053 

Uoooo 

2965 

U05  • 

.058 

50000 

3270 
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It  nas  originally  planned  to  measure  the  reboll  of  the  muzzle  brake 
alone*  but  this  uas  found  to  be  so  great  that  about  ItO  lb  additional  vel^t 
on  tho  muzzle  brako  uas  roqulr^  to  hold  It  ulthln  the  range  of  the  scale* 

It  uas  theref oz^'  decided  to  fire  the  gun  ulth  the  muzzle  brake  firmly 
attached  at  all  times.  '  Iii  doing  this  tho  front  pendulum  arms  uere  discon¬ 
nected  and  the  front  pawl  removed  from  the  front  scale. 

In  all  the  tests  performed  the  recoiling  parts  weighed  216.U  lb  and 
the  projectile  ueighed  0.101  lb  (710  grains).  The  pouder  charge  and  pres¬ 
sures  are  those  given  in' Seo.  3(b}. 

5.  Quantities  measured  or  calculated 

Tho  foUonlng  quantities  were  determined  in  the  tests t 

Definition 

Anglo  through  vMch  tho  pendulum  is  rotated.  ' 
Length  of  pendulum. 

YTelght  of  projectile. 

Velocity  d  projectile. 

Pouder  pressxve  (copper). 

Weight  of  recoiling  peurts. 

Height  to  uhleh  the  center  of  gravity  of  the  pendulum 
sulngs.  This  is  calculated  from  the  measured  value 
of  A  from  the  formula 

H  •  L(1  -  cos  A). 

Velocity  of  free  recoil.  This  Is  calculated  from  the 
value  of  H  by  the  formula  ^ 

V  -  v'S^. 

Kinetic  energy  of  recoil;  This  Is  equal  to  the 

potential  energy  UgH. 

Mjdi  *  HgL(l  -  cos  A) 

-  WL(1  -  cos  A) 

-  WH. 

Kinetic  energy  of  recoil  ulthout  brako. 

Kinetic  energy  of  recoil  ulth  brake.' 

Percentage  reduction  In  kinetic  energy  of  recoil*  or 
efficiency  of  the  brake.  This  Is  calculated  from  the 
equation 

R  -  X  100. 

_ 

•R  E  S'.  T  It  I  C  T  E  D 


S!ymbol  Unit 

A  deg 

L  ft 

'  M  lb 

V  ft/sec 

P  Ib/ii^ 

W  lb 

H  ft 


V  ft/seo 

* 

S  ft  lb 


3x  ft  lb 

Eg  ft  lb 

R  percent 
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As  a  basis  for  coiii|>arison  idth  tests  In  ehLch  the  brake  oomponents  sere 
varied)  recoil  without  the  brake  nas  determined.  The  gun  was  fired  with  the 
brake  removed  from  the  muzzle )  but  strapped  to  the  gun  so  that  the  wel^  of 
the  recoiling  parts  (with  and  without  the  brake  acting)  remained  oonstant 
throu^out  the  tests.  The  observed  angles  of  swing  A  and  the  calculated  val~ 
ues  of  H)  V)  and  Ei  are  given  In  Table  I.  The  values  are  the  same  for  all 
'Uie  designs  tested.  The  values  given  here  for  Bi  are  those  used  later  In  the 
calculation  of  efficiencies. 


Table  I.  Recoil  without  muzzle  brake  acting. 


Pressure) 

Oorper 

(Ib/inf) 

Projectile 

Velocity 

(ft/sec) 

4 

(deg) 

H 

(ft) 

(ft^eo) 

’(ft  lb) 

30000 

261t0 

8.78 

0.0381 

1.57 

8.26 

I4OOOO 

2965 

10.23 

.0517 

1.82 

11.20 

50000 

3270 

11.58 

.0661 

2.06  i 

- 1 

1U.31 

N 


t  • 


6.  Results 


(a)  Test  I.  —  The  pvirpose  of  Test  I  was  to  deteznlne  the  effect  of 
baffle  spacing  on  gun  recoil.  The  baffle  spacing  A  [Fig.  3(a)l  was  varied 
from  ^  to  In.)  the  maximum  obtainable.  The  schematic  diagram  [Fig.  3(a)] 
shows  the  effect  of  this  variation  on  the  expansion  chamber. 


The  values  of  an^e  of  swing  A  were  observed  at  pressures  of  30000) 
ItOOOO)  and  ^OOOlb/lnS  anl  the  kinetic  energy  of  recoil  and  the  efficiency 
were  calculated.  [In  the  calculation  of  the  latter)  values  of  Ei  given  In 
Table  X  were  us^.l  The  results  of  these  observations  and  calculations  are 
recorded  In  Table  II  and  Figs.  U(a)  and  U(b).  The  curves  of  Fig.  U(a)  show 
the  relationship  between  baffle  spacing  and  guh  recoil  In  degrees)  idille  the 
curves  of  Fig.  lt(b)  show  the  relationship  between  the  reduction  In  kinetic 
energy  of  recoil  and  baffle  spacing.  A  comparison  of  these  figures  shows 
that  there  Is  not  much  gain  In  efficiency  idien  the  baffle  spacing  exceeds 
a  1-in.  (2-caliber)  opening. 
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Table  II.  Results  of  varying  baffle  spacing  from  j  to  In. 


Baffle 

Spacing 

(in.) 

A 

(deg) 

H 

(ft) 

.  V 

(ft/sec) 

E, 

(ft  lb) 

jij, 

(percent) 

Pressure «  30000  Ib/lnS  j 

projectile  veloeityj  261(0  ft/sec 

k 

7.27 

0.0261 

1.30 

5.65 

31.6 

5.88 

.0171 

1.05 

3.71 

55.1 

1 

5.12 

.0130 

0.92 

2.82 

61(.9 

U.90 

.0119 

0.88 

2.60 

68.5 

Pressure ,  UO 000  Ib/ixS ; 

projectile  velocity*  2965  ft/sec 

8.30 

0.03U1 

1.1(8 

7-39 

3l(.0 

i 

6.77 

.0231 

1.22 

5.00 

55.3 

1 

5.80 

.0166 

1.03 

3.60 

67.9 

5.55 

.0153  ' 

0.99 

3.32 

TO.U 

Pressure  5  50000  lb/in?j 

projectile  velocity,  3270  ft/sec 

i 

9.25 

0.0U22 

1.65 

9.15 

36.0 

7*57 

.0283 

1.35 

6.12 

57.2 

1 

6.U3 

.0205 

1.15 

u.uu 

69.0 

i4 

6.07 

.0185 

1.09 

U.oi 

72.0 

(b)  Test  II.  ~  The  purpose  of  Test  II  inas  to  determine  the  effect  on 
gun  recoil  of  varying  the  nozzle  angle.  Figure  3(b)  is  a  schematic  diagram 
of  the  muzzle  brake  shoeing  the  manner  in  ?Mch  the  nozzle  an^e  C  nas  varied 
t  frcm  0^  (straight  nozzle)  to  60^«  The 'distance  B  on  the  figure  nas  kept  con- 

stant  at  1-1/8  in.  With  the  muzzle  brake  acting^  these  tests  nere  conducted 
at  several  baffle  spacings  from  0  to  1^  in.^  the  maximum  obtainable  for  this 
design.  The  observed  values  for  the  angle  of  sning  are  given  in  Table  III. 

In  Figs.  $(a)  to  5(e)  recoil  (deg)  is  plotted  against  nozzle  an^e  (deg)  for 
’  the  different  baffle  spacings  at  several  pressures. 

I  The  results  show  that  the  least  recoil  Is  obtained  with  a  30^  nozzle 

an^e  and  a  baffle  spacing  of  In. 

The  efficiency^  or  percentage  reduction  In  the  kinetic  energy  of  recoil^ 
for  the  best  baffle  spacing  of  1^  In.  Is  tabulated  In  Table  IV  for  varying 
nozzle  angles  at  several  presswes.  Plots  of  these  values  are  given  In  Fig.  6 
The  data  show  that  a  nozzle  angle  of  30°  Is  the  most  efficient. 
irg'Sj'rTfTU’TiriJ 
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Table  III. 

Results  of  tests  to  detennins  the  effect  of  varying  nozzle 

ans^  on  gun  recoil. 

Nozzle 

*A&le  ^  Sidog  (degy 

An^e 

Baffle  ^oing  (in.. 

(deg) 

5  i  4  1  5  !  li 

Pressure,  30000  Ib/lxS;  projeotile  veloolty,  26UO  ft/see 

0 

8.8 

7.25 

5.9 

5.1 

5.0 

5 

8.8 

7.0 

6.2 

5.5 

5.3 

10 

8.75 

6.2 

5.9 

5.7 

5.1* 

15 

8.65 

5.2 

5.1*5 

5.15 

5.2 

20 

8.65 

U.95 

5.05 

5.05 

5.1 

30 

8.5 

it. 6 

1*.65 

1*.65 

1*.5 

liO 

8.15 

1*.75 

.1*.75 

1*.75 

1*.75 

50 

8.0 

U.8 

U.95 

U.85 

U.8 

60 

8.10 

5.1 

1*.85 

U.85 

U.85 

Pressure,  ItOOOO  proJeotUe  velocity,  296$  ft/sec 


0 

10.25 

8.3 

6.75 

5.8 

5.65 

5 

10.2 

8.95 

7.35 

6.35 

6.0 

10 

10.0 

7.2 

6.95 

6.55 

6.3 

15 

9.85 

6.15 

6.15 

6.0 

5.9 

20 

9.75 

5.75 

5.7 

5.7 

5.75 

30 

9.6 

5.U 

5.15 

5.15 

5.15 

UO 

9.5 

5.35 

5.35 

5.35 

5.35 

50 

9.15 

5.U5 

5.1*5 

5.U 

5.U 

60 

9.05 

5.80 

5.1*5 

5.U5 

5.U5 

Pressure,  ^OOOOlb/lr^}  projectile  velocity,  3^70  ft/sec 


0 

11.55 

9.25 

7.5 

6.U5 

6.25 

5 

11. i5 

8.85 

8.U5 

7.1 

6.8 

10 

11.15 

8.15 

7.9 

7.3 

7.05 

15 

11.0 

6.85 

6.8 

6.8 

6.55 

20 

10.85 

6.1*5 

6.25 

6.3 

6.35 

30 

10.65 

5.75 

5.75 

5.75 

5.75 

UO 

10.75 

5.9 

5.9 

5.9 

5.9 

50 

10.3 

6.0 

5.95 

5.95 

5.9 

6o 

10.0 

6.U 

6.05 

6.05 

6.05 

RESTRICTED 


Pressure,  bOQOOlb/lm}  projectile  veloolty,  2965  ft/sec; 


5.65 

0.0169 

••  1.01* 

3.66~ 

.67.3 

6.0 

•  .0173 

1.05 

3.75 

....  -  .^.5 

6.3 

.0196 

1.12 

U.25 

62.0 

5.9 

.0172 

1.,C5 

3.72 

66.9 

5.75 

.0163 

1.02 

3.5U 

68.li 

..  5.15 

.0131 

O'.  92 

2.81* 

7U.7 

5.35 

.011*2 

.96 

3.08 

72.5 

5.U 

.011*1* 

.96 

3.12 

72.1 

5.1*5 

« 

.01  a7 

.97 

3.18 

71.6 

essure, 
S 


j  projectUe  velocity,  3270  ft/seo} 


.01 6U 
.0172 
.0172 
.0181 


1.11 

l*t08 

l*.9l* 

5;  32 

mbm 

1*.59 

1.13 

1*.33 

1.03 

3.55 

1.05 

3.72 

1.05 

3.72 

1.08 

3.92 
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Nozzle  angle  (deg) 


Fig.  6.  Test  II..  Nozzle  angle  versus  percentage  reduction  in 
kinetic  energy  of  recoil  with  l^b^n.  flat  baffle  spacing.  Curve  1,  for 
30000  Ib/lnS  piressursy'  26lt0  ft/sec  projectile  velocity;  curve  2  fm 
bOOOO  Ib/ln?  and  2965  ft/sec;  curve  2  50000  Ib/liK  - and  3275^  ft/sec. 


(c)  Test  III.  —  The  purpose  of 'Test  III  vas  to  detemdne  the  effect 
mi  gun  recoil  of  varying  the  diffuser-cone  .an^e  vlth  nozzle  aii^e  of  30°. 

The  drawing'  of  Fig.  3(c)  shows  the  manner  in  idiloh  this  ancp.s  0  was  'varied 
trim  0°  (flat  pLate)  to  15°.  The  observed  an^e  of  swing  Is  gi'ven  In 
Table  V  for  several 'baffle  spaoings  from  0  to  In.^  the  naxiiiium  obtainable  > 
and  for  pressures  of  30000,  bOOOO,  and  50000  Ib/li^  The  results  show  that 
the  least  recoil  Is  obtained  wl'th  a  baffle  spacing  of  liu  .and'no*  dlffjoser 
cone.,  .  . . .  . 

‘  These  data  are  'plotted  In  Figs.  7(a)  and  7(b)  In  whlbh  an^e  of  recoil 
(deg)  versus  diffus€C>-oons  an^e  .(deg)  Is  given  for  pressings  of  30000  and 
50000  Ib/li^  and  various  baffle  spaclngs. 

The  efficiency,  or  percentage  reduction  In  kinetic  energy  of  recoil, 

'was  calculated  for  the  best  baffle  spacing  of  In.  for  several  diffuser- 
cone  an^es.  These  'values  are  tabulated  In  Table  VI,  and  plotted  In  Fig.  8. 
The  results  Indicate  that  a  diffuser  cone  Is  not  necessary  to  obtain  the 
greatest  efficiency  In  brake  action. 

Tost  IV.  —  Ths  purpose  of  Test  IV  'was  to  detoznlne  the  effect  on 
gun  recoil  of  varying  the  refleotlng>i^te  (baffle)' angle.  Figure  3(d)  Is 
a  schematic  diagx^  of  the  manner  In  idiiCh  the  refleotlng-plate  angle  E  'was 
'varied  from  60°  to  0°  (flat  baffle). 

RESTRICTED 


.  RaeoLl  (d^g) 

(b)  Dil'fuswr  ooiM  angle  Tersua  recoil  ai  presaure  of  50*000  Ib/li^ 


:  1 

•2 

3 

■.  U  - 

Baffle  apaclng  (in.) 

li 

i 

•  i 

•0 

Fig.  7*  Teat  m.  Stfaet  of  dlffuaer  cone  bnglo  on -recoil  at  aever?! 
baffle "apablnga.  See  Fig.  3(0^  for  detaila  of  awaala  brake.  . 
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Table  V,  Effect  on  gun  recoil  of  varying  dlfftiaer-cone  anrie.  The  nozzle 

ande  eae  keirt  constant  at  30**. 


Nozzle 

Ande  of  M.ng  (deg) 

Angle 

Baffle  Sbaolng  i.ln.} 

(deg) 

~0  i  i  I  i  Ii 

RwasTire^  300001b/lnS;  projectile  •velocity^  26UO  ft/seo 


0 

8.5 

U.65 

1».65 

U.65 

lt.5 

5 

— 

6.7 

— 

— 

1».75 

10 

8.75 

6.9 

— 

— 

Ij.75 

15 

8.75 

6.8 

5.65 

1 

U.75 

Pressure y  UOCXX)  Ib/lnSj  projectile  velocity*  296$  ft/aeo 


0 

9.6 

5.1* 

5.15 

5.15 

5.15 

5 

7.65 

— 

— 

5.3 

10 

10.0 

7.55 

— 

— 

15 

10.3 

7.7 

6.U 

5.3 

Rfessure^  50000  ib/ln?|  projectile  Telocltyj  3270  ft/sec 


0 

10.65 

5.75 

5.75 

5.75 

5.75 

5 

— 

8.6 

5.95 

10 

11.05 

— 

— 

— 

~ 

15 

11.55 

8.6 

7.1 

— 

5.85 

Table  VI.  Percentage  reduction  In  kinetic  energy  of  recoil  for  •varying  dy- 
■  fuser-cone  andes.  idth  baffle  spacing  of  11  Im  and  nozzle  ande  of  30*^. 


Diffuser-Cone  1 
Angle  1 

(deg)  I 

1  i 

1  (deg) 

H 

(ft) 

V 

(ft/seo) 

Ba 

(ft  lb) 

Ex 

(percent) 

Pressure,  30000  ] 

Lb/inf;  pro; 

ectlle  velocity,  26U0  ft /sec; 

0 

5 

10 

15 

JJLf  * 

U.5 

1».75 

U.75 

U.75 

0.0100 

.0112 

.0112 

.0112 

0.80 

.85 

.85 

.85 

2.16 

2.13 

2.U3 

2.U3 

73.8 

70.6 

70.6 

70.6 

i^essure,  itOOOO  ] 

Lb/inS;  pro^ 

0cbil6  voloclb^r >  fb/SBOj 

0 

5 

10 

15 

5.15 

5.3 

g.3 

0.0131 

.0139 

.0139 

0.92 

.95 

i95 

“Tsn — 

3.02 

3.02 

Tins 

73.0 

73.0 

I^ossuro^  30000 . 

Lb/iriS;  pro; 

ectlle  velocity,  3^70  ft/sec; 

0 

5.75 

0.0163 

1.02 

3.5U 

75.3 

5 

10 

15 

5.95 

.0175 

1.06 

3.79 

73.5 

5.85 

.0169 

1.0U 

3.66 

iZu 
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=^-4 - — 


Dif fuser- cone  angle  (degj 


Ob/iS)  VelSts 
_ vwln.)  I  (ft/aec* 

1  30000  26h0 

2  UOOOO  2965 


3  50000 


Fig.  8.^  Test  III.  Dlffuser-oone  an^e  versus  reduction  In  kinetic 
energy  of  reboll  with  l^n.  flat  baffle  spacing  and  30**  nozzle  an{p.e. 


The  an^e  of  swing  A  ms  deternilned  with  a  nozzle  angle  of  30°,  a  dlf- 
f user-cone  angle  of  l5°,  and  with  baffle  spaclngs  from  0  to  1  In. ,  the  maxi- 
m\m  obtainable  with  this  design,  for  refleetlng-plate  an^es  from  60°  to  0° 
and  for  pressures  of  30000,  UOOOO,  and  50000  Ib/ln?  The  results  obtained 
are  given  In  Table  VII  and  Figs.  9(a)  to  9(d).  These  data  show  that  the 
least  recoil  Is  obtained  with  a  1-ln.  baffle  spacing  using  a  flat  baffle, 
that  Is,  zero  reflecting  an^e. 

Table  VII.  Effect  on  gun  recoil  of  varying  the  refleetlng-plate  (baffle) 

angle.  The  nozzle  angle  ms  30°  and  the  dlffuser-oone  angle  ms  15°. 


Refleetlng-Flate 

An^e 

(deg) 


Angle  of  Swlr 
Baffle  Spaelr 


ftwssure,  30000  Ib/lntS)  projeetlle  velocity,  261|0  ft/seo 


0 

8.35 

5.5 

5.05 

14.9 

15 

8.5 

5.5 

5.1i5  ■ 

5.35 

30 

8.0 

5.7 

5.95 

5.85 

60 

8.145 

5.9 

6.25 

6.25 

RressTffe,  UOOOO  Ib/lnS }  projectile  velocity,  2965  ft/seo 


ft/sec 


9.5 

6.2 

5.8 

9.35 

6.2 

6.25 

9.0 

6.14 

6.7 

9.5 

6.6 

6.95 

ToTS 

6.95 

- — - 

10.2 

6.85 

7. os 

10.0 

7.1 

7.U 

10.6 

7.25 

7.6 
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The  calculated  values  for  the  percentage  redwtlcn  In  the  kinstlo  energy 
of  recoil  for  a  baffle  spacing  bf  1  In.  idth  varying  refl^otlng-i^te  an^es 
are  given  In  Thble  VIII.  The  results  Indicate  that  the  refleotlng-plate 
angle  used  In  this  design  decreased  the  efficiency  of  the  muzsle  brake  j  that 
a  flat  baffle  Is  more  efficient. 


Table  VIII.  Percentage  reduction  In  kinetic  energy  of  recall  for  baffle 
..  spacing  of  1  In.  at  several  refleeting-’Tilate  antdes,  •with 
noBsle  ani^e  of  30**  and  dlffuser-ocna  angle  of  lS^. 


Reflecting-Flate 

An^ 

(deg) 

1  i 

1  (deg) 

H 

(ft) '  •' 

•  V  * 
(ft/seo) 

Ba 

(ft  lb) 

(percent) 

Pressure*  30000  lb/ 
El*  8.26  ft  1 

in? }.  projectile  velocity*  26ii0  ft/seo| 
b*  no  brake  action 

U.9 

0.0119 

0.88 

2.60 

:  ’  69.5 

15 

5.35 

.011i2 

0.96 

3.08 

62.7 

30 

5.85 

.0169 

l.ou 

3.66 

55.6 

60 

6.2$ 

.0193  . 

1.11 

U.08 

50.7* 

1 


IVessure,  ItOOOO  Ib/lpS;  projectile  velocity*  296$  ft/seo 
El*  11.20  ft  lb*  no  brake  action 


•o..~ 

5.1»5 

0,011i7 

0.97 

3.18  • 

71.6 

15 

6.0$ 

.0181  . 

(  1.08 

3.92  • 

6$.0 

6.65 

.0218  ; 

'  1.19 

1,.73  ••  v: 

57.8 

60 

7.1 

.021(9 

1.27 

5.1(0 

CO 

• 

Pressure 

El, 

*  $00d6lb/lx^;  projectile  velocity*  3270  ft/ 

•  IU.31  ft  lb*  no  brake  action 

sea 

0 

6.0 

0.0178 

1.10 

3.86 

73.0 

15 

6.75 

.022$ 

1.20 

1(.87 

6$.  9 

30 

7*4 

.0270 

1.32 

5.85 

$9.0 

60 

8.0 

.0316 

1.1(2 

6.8$ 

52.1 
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In  Fig.  10  the  reflectlh^l^te  an^e  versus  reduction  In  kinetic  energy 
of  recoil  Is  i^otted  for  IHLn.  baffle  spacing,  30**  nozzle  an^e  and  1$**  dlf- 
fuser-oone  an^e* 


Heflecting>p^te  angle  (deg) 


Fig.  10.  Test  IV.  Refleotlngi^te  an^e  (reversal  an^)  versus  re¬ 
duction  In  kinetic  energy  of  reedl  vlth  1-ln.  baffle  spacing,  30**  nozzle 
angle,  and  diffuser-cons  an^e.  .... 

7.  Conclusion  .  — 

These  prelinlnary  muzzle^jrake  design  tests  In 'the  oallber  ,$0  ballis¬ 
tic  pendulum  show 

(a)  There  Is  not  much  gain  In  effldeney  when  the  baffle  spacing  ex¬ 
ceeds  a  1-ln.  opening  (2  oalibers).  ^  ^  _ 

(b) 'A  nozzle  an^e  of  30**  with  a  baffle  spadng  ‘bf  1^  In.  Is  the  most 

effldenb.  ..I’. ' 

(o)  A  diffuser  cone  Is  nd  necessary  to  obtain  greater  effldeney  In  n 
brakp  action. 

(d)  A  flat  baffle  Is  more  efficient  than  a  baffle  having  any  value  of 
reversal  angle  up  to  60**. 

Further  tests  now  In  progress  wlU  deteradne  the  effect  of  the  follow¬ 
ing  design  variables  on  the  efficiency  of  the  brake} 

(1)  Outlet  diameter  of  the  muzzle*4>rake  baffle, 

(U)  Nozzle  length, 

(ill)  Ifultlple  flat  baffles, 

(Iv)  Jet  reaction,  using  baffles  of  reaction  blade  dedgn. 
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Tests  were  conducted  to  determine  the  effect  of  baffle  spacing  of  muzzle  brakes  on  gun 
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a  baffle  spacing  of  1-1/4  in.  is  the  most  efficient,  a  diffuser  cone  is  not  necessary  to 
obtain  greater  efficiency  in  brake  action,  and  a  flat  baffle  is  more  efficient  than  a 
baffle  having  any  degree  of  reversal  angle  up  to  60°. 
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